The goal of this study was to examine the effect of acute beta-blockade on dipyridamole Tc-99m sestamibi myocardial perfusion imaging (DMPI). BACKGROUND Studies suggest that antianginal drugs may reduce the presence and severity of myocardial perfusion defects with dipyridamole stress. However, there are no data regarding specific drugs.
The value of stress myocardial perfusion imaging (MPI) in the assessment of patients with known or suspected coronary artery disease (CAD) is well documented. Although the diagnostic accuracy of exercise and pharmacologic MPI is high and similar, various factors may negatively impact sensitivity. The inability to achieve 85% of maximal pre-
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dicted heart rate with exercise can lead to an underestimation of the presence and extent of CAD as detected by MPI (1) (2) (3) . Concomitant antianginal drug therapy also has been shown to affect MPI results with exercise (4 -8) and dobutamine (9) . Due to competitive inhibition, caffeinecontaining products negatively affect vasodilator MPI (10, 11) .
Patients receiving antianginal drugs may be referred for vasodilator stress under the assumption that these medications have no impact on MPI results (12) (13) (14) . However, Sharir et al. (15) evaluated patients with dipyridamole MPI and found a significant reduction in the presence, extent, and severity of defects when patients did not discontinue antianginal medications before testing. One class of cardiac drugs, beta-blockers, are commonly used in the treatment of angina. Although beta-blockers have been shown to reduce detection of CAD with MPI using exercise or dobutamine (4 -9) , there are no data regarding beta-blockers with vasodilator MPI. The purpose of this study was to examine the effects of acute beta-blocker therapy upon vasodilator MPI in patients with CAD.
METHODS

Study design.
This was a prospective double-blind, placebo-controlled, randomized study in which patients with CAD were submitted on separate days to dipyridamole Tc-99m sestamibi single-photon emission computed tomography (SPECT) imaging without supplemental exercise (dipyridamole myocardial perfusion imaging [DMPI] ) after randomized acute administration of placebo, low-dose metoprolol, and high-dose metoprolol. Myocardial perfusion studies were performed at two centers: the Department of Nuclear Medicine of the Centre Hospitalier de l'Université de Montréal and the Nuclear Cardiology Laboratory, Hartford Hospital, Hartford, Connecticut.
Patient population. Twenty-five patients with stable CAD were prospectively evaluated. Inclusion criteria were evidence of obstructive CAD, defined as a 70% stenosis in at least one major coronary artery, on coronary angiography, without subsequent revascularization, within 12 weeks of enrollment. All patients provided written informed consent as approved by both institutional review boards.
Exclusion criteria were left main disease, hypertrophic cardiomyopathy or aortic stenosis, myocardial infarction Ͻ30 days, unstable angina Ͻ7 days, uncontrolled systemic hypertension (systolic blood pressure Ͼ200 mm Hg or diastolic blood pressure Ͼ110 mm Hg), severe valvular disease, percutaneous coronary intervention Ͻ3 months, coronary artery bypass graft surgery Ͻ6 months, history of malignant ventricular arrhythmia, history of reversible airways disease, or history of allergy to dipyridamole or aminophylline. Study protocol. Beta-blockers and calcium antagonists were withheld Ն48 h and Ն24 h, respectively, before each appointment after approval by the patient's primary physician. Patients were advised to refrain from consumption of products containing caffeine for Ն24 h before each appointment. For the first appointment, patients underwent acute metoprolol titration without DMPI. The purpose of this preliminary trial was to: 1) determine the dosage of metoprolol required for the subsequent low-and high-dose beta-blocker conditions before DMPI, and 2) permit randomization of the treatment conditions.
For the next three appointments, each patient was submitted to standard DMPI after three different treatment conditions, assigned in random fashion: 1) placebo (normal saline solution), 2) acute administration of low-dose metoprolol, and 3) acute administration of high-dose metoprolol. The time interval between each DMPI study was Ն7 but Յ14 days. On a separate day and before the DMPI studies, patients underwent Tc-99m sestamibi SPECT imaging at rest. Metoprolol titration protocol. A total of 4 mg of metoprolol was infused over 4 min followed by a 5-min wait before administration of the next 4-mg dose to a total cumulative dose of 12 mg. If a titration end point was not achieved after a total cumulative dose of 12 mg, 2 mg was infused over 2 min followed by a 5-min wait before administration of the next 2-mg dose, to a total cumulative dose of 20 mg. Titration end points were: 1) reduction in baseline heart rate Ն25%; 2) reduction in baseline heart rate Ն15% after a total cumulative metoprolol dose of 20 mg. The metoprolol infusion was terminated if patients achieved either of the following exclusion end points: 1) reduction of systolic blood pressure Ͻ90 mm Hg, 2) heart rate Ͻ45 beats/min, 3) significant side effects including bronchospasm or congestive heart failure, or 4) atrioventricular block greater than second degree-Mobitz I. Symptoms and threelead electrocardiogram (ECG) were continuously monitored, and heart rate and blood pressure were measured and recorded before the next dose of metoprolol. Metoprolol and placebo administration before dipyridamole stress. Administration of metoprolol for the lowand high-dose conditions followed the same titration regimen described above. For each patient, the exact dosage of metoprolol achieved with the preliminary trial was administered for the high-dose condition. The dosage of metoprolol for the low-dose condition was 50% of that achieved with the preliminary trial. For the placebo condition, normal saline (4 ml) was infused over 4 min followed by a 5-min wait before administration of the next 4-ml dose for a total cumulative dose of 12 ml. A total of 10 min after the last dose of placebo, low-dose metoprolol, or high-dose metoprolol patients underwent DMPI.
Abbreviations and Acronyms
CAD ϭ coronary artery disease DMPI ϭ dipyridamole myocardial perfusion imaging LAD ϭ left anterior descending coronary artery MPI ϭ myocardial perfusion imaging RCA ϭ right coronary artery SDS ϭ summed difference score SPECT ϭ single-photon emission computed tomography SRS ϭ summed rest score SSS ϭ summed stress score *There were no significant differences in any of the hemodynamic parameters at baseline or after beta-blocker administration between the low-dose and high-dose metoprolol treatment conditions. DBP ϭ diastolic blood pressure; HR ϭ heart rate; SBP ϭ systolic blood pressure. Dipyridamole stress. Dipyridamole (0.56 mg/kg) was infused over 4 min. Patients' symptoms and three-lead ECG were continuously monitored. A dose of 30 to 45 mCi of Tc-99m sestamibi was injected 7 to 9 min after initiation of the infusion. The same dose was used for the rest study. Tc-99m sestamibi imaging. Electrocardiogram-gated SPECT acquisition began 60 to 90 min after injection of radiopharmaceutical for rest, and DMPI and was performed using a dual-head SPECT camera (SMV/DST at HDM and ADAC/Vertex at HH) equipped with a 3/8" sodium iodide crystal and a low-energy, high-resolution collimator. Sixty-four projections (20 to 25 s/projection) were obtained over a 180-degree semicircular arc extending from right anterior oblique to left posterior oblique view. Filtered back projection was acquired using a Butterworth filter with a frequency cut-off of 0.66 cycles/pixel and an order of 5 for reconstruction of the transaxial slices to a thickness of 6.6 mm. No attenuation correction was used. Image interpretation. All SPECT data was submitted to the same laboratory (Hotel-Dieu de Montréal, Montreal, Canada) for reconstruction and preparation of images for uniform display. All images were interpreted at the other laboratory (Hartford Hospital, Connecticut) by a consensus of three experienced observers without knowledge of the patient or treatment condition. For each patient, all three stress images were interpreted separately in comparison with same rest image. For visual analysis, the left ventricle was divided into 17 segments using an apical, mid-, and basal short-axis slice as well as a mid-vertical long-axis view. Each segment was qualitatively scored using a 5-point scoring system (0 ϭ normal, 1 ϭ mild, 2 ϭ moderate, 3 ϭ severe reduction in photon activity, and 4 ϭ absence of photon activity There were no significant differences between placebo, low-dose, and high dose metoprolol conditions.
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variables. Post-hoc comparisons were performed using either a paired t test or the Wilcoxon signed-rank test. Bonferroni adjustments were used as required. Significance was set at p Ͻ 0.05, and all analyses were two-tailed.
RESULTS
Patient population. Twenty-one patients (six female, mean age of 64 years [range 50 to 82]) completed all four MPI studies and constituted the study group. Four patients had previous myocardial infarction. On coronary angiography, five patients had single-vessel, eleven had doublevessel, and five had triple-vessel disease. A stenosis Ն70% was found in 14 LAD, 15 circumflex, and 13 RCAs. Metoprolol titration. For each patient, the dosage of metoprolol administered for the low-dose condition was exactly 50% of that determined for the high-dose condition (9.0 Ϯ 1.9 mg and 18.0 Ϯ 3.9 mg, respectively). Administration of low-and high-dose metoprolol significantly reduced heart rate, blood pressure, and double product (Table 1) . Dipyridamole stress. In comparison with placebo, prestress heart rate and double product were significantly lower with low-and high-dose metoprolol ( Table 2) . Infusion of dipyridamole resulted in an increase in heart rate and a decrease in blood pressure with each condition. Despite a more profound increase in heart rate with either dose of metoprolol, double product at peak dipyridamole stress remained significantly lower with each dose of metoprolol. There were no differences in the incidence of symptoms between each condition (Table 3) . Dipyridamole Tc-99m sestamibi imaging. Dipyridamole myocardial perfusion imaging with placebo was normal in three patients (14.3%), showed fixed defects in one (4.8%), and reversible defects in 17 (80.9%). Results of DMPI with low-and high-dose metoprolol were similar: normal in six patients (28.6%), fixed defects in three (14.3%), and reversible defects in 12 (57.1%). Sixteen patients (76.2%) had similar DMPI results with placebo, low-dose, and highdose of metoprolol: normal in three patients (14.2%), fixed defects in one (4.8%), and reversible defects in 12 (57.1%). However, the SSS and SDS were significantly lower with each dose of metoprolol (Fig. 1) . In addition, the number of segments with a score Ն1 or Ն2 on DMPI (reflecting the size and severity of defects, respectively) as well as the number of reversible segments were significantly lower with metoprolol ( Table 4) . The mean reduction in the SSS with low-and high-dose metoprolol was 30.7% and 27.1%, respectively. Of the 18 patients with abnormal perfusion on DMPI with placebo, 11 (61.1%) had a greater than 25% reduction in the SSS with either or both doses of metoprolol. Conversely, only two patients (9.5%) had a greater than 25% increase in the SSS with either dose of metoprolol. None of the patients with normal perfusion on DMPI with placebo had abnormal perfusion with metoprolol. Similar findings were observed with the SDS (Fig. 2) . There were five patients with reversible defects with placebo, which was negated with metoprolol (normal perfusion in three and fixed defects in two). Three of these patients had multivessel disease. The overall sensitivity of DMPI for detection of CAD was lower with metoprolol than placebo (71.4% [ Images from three patients are illustrated (Figs. 3 to 5 ). In Figure 3 , DMPI with placebo demonstrated a large and severe perfusion abnormality in the anterolateral, inferolateral, and inferobasal regions. With metoprolol, the size and severity of the perfusion abnormality on DMPI was reduced by approximately 50% in visual assessment. This patient had a 90% distal LAD stenosis, 70% proximal circumflex stenosis, and an occluded first marginal. Figure 4 shows DMPI images from a patient with an 85% RCA stenosis and a 90% proximal LAD stenosis. With placebo, DMPI showed a medium completely reversible anteroseptal, anteroapical, and distal inferoapical perfusion abnormality. With each metoprolol dose, the anterior perfusion abnormality was reduced by Figure 2 . Individual data points comparing the summed difference score (SDS) on dipyridamole Tc-99m sestamibi single-photon emission computed tomography imaging after administration placebo and low-dose metoprolol and placebo and high-dose metoprolol. In both cases, the differences in the SDS between placebo and each dose of metoprolol were statistically significant. Figure 3 . Multiple short-axis slices during dipyridamole Tc-99m sestamibi single-photon emission computed tomography (SPECT) imaging in a patient with coronary artery disease after administration of placebo, low-dose metoprolol, and high-dose metoprolol, as well as Tc-99m sestamibi SPECT imaging at rest. A large reversible anterolateral and inferolateral perfusion abnormality is shown with placebo, with at least 50% reduction in size and severity with either dose of metoprolol.
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Acute Beta-Blockade and Dipyridamole Perfusion approximately 60% in visual assessment. Figure 5 shows images from a patient with multivessel disease. As with the other two cases, the extent and severity of perfusion abnormalities were reduced by at least 50% with both metoprolol doses.
DISCUSSION
It is well recognized that several classes of cardiac drugs reduce sensitivity as well as defect size and severity with exercise MPI (4 -8) . It has been assumed that concomitant cardiac drugs do not affect MPI results with vasodilator stress, although recent data from Sharir et al. (15) suggests a negative impact upon sensitivity as well as defect size and severity. Our study was performed to evaluate the impact of isolated beta-blocker therapy upon DMPI. Results demonstrate a significant reduction in the size, severity, and reversibility of defects after acute metoprolol administration. These findings have important clinical implications in the diagnostic and risk stratification assessment of patients receiving beta-blocker therapy referred for vasodilator MPI.
Impact of antianginal drugs upon exercise MPI.
Experimental studies have shown that beta adrenergic blockade reduces exercise-induced ischemia through alteration of regional myocardial blood flow (16) . In the clinical setting, the sensitivity of exercise MPI is reduced in patients unable to achieve a maximum predicted heart rate (1) or if receiving antianginal drugs (5, 8) . Concurrent beta-blocker therapy has also been shown to significantly reduce rate-pressure product and the severity of defects with exercise MPI (17) (18) (19) . For these reasons, patients referred for exercise MPI for the diagnosis of CAD are generally instructed to discontinue antianginal drugs, particularly beta-blockers, for at least 48 h before testing (18) . tively affect detection of CAD with DMPI (21). Conversely, two studies have suggested that antianginal drugs have no impact on detection of CAD with vasodilator stress and, if any, an increase in ischemia (22, 23) . Those studies were retrospective in design and involved two separate patient groups. Sharir et al. (15) compared data from the same patients and found a significant reduction in sensitivity and defect size, severity, and reversibility when DMPI was performed without discontinuation of antianginal drugs. In that study, the majority of patients were being treated with calcium antagonists and/or nitrates, and 77% were receiving multiple drugs at the time of testing. Our results suggest a similar effect with DMPI in the presence of acute betablocker therapy alone, even in low doses. Potential mechanisms by which beta-blocker therapy affects vasodilator MPI. Dipyridamole increases endogenous adenosine concentrations by inhibiting adenosine deaminase and preventing adenosine uptake into erythrocytes and vascular endothelial cells (24, 25) . Adenosine binds to A2 receptors in the smaller coronary vessels, which are coupled to stimulatory G-proteins. G-proteins increase adenylate cyclase activity, which creates cAMP (26) . Increasing cAMP within coronary arterioles causes vasodilation by enhancing the rate of inactivation of myosin light chain kinase, the enzyme responsible for triggering the actin-myosin interaction that causes contraction (27) . Vasodilation in a nonstenotic coronary vessel increases the pressure gradient enhancing blood flow (28 -32) . Conversely, in a coronary vessel with significant stenosis, the ability to dilate is compromised, and blood flow is shunted away leading to a reduction in the driving pressure required for collateral flow (33) . This is the basis for the myocardial steal phenomenon, whereby a greater percentage of blood flow is shunted away from ischemic zones after dipyridamole use (34, 35) . Beta-2 receptors are coupled to the same types of stimulatory G-proteins as the A2 receptors for adenosine (26) . It is possible that beta-2 receptor blockade within the coronary vasculature attenuates the cAMP response from A2 receptor stimulation. If this is the mechanism, it suggests that a similar interaction may occur between adenosine and betablockade. In addition, beta-blockers increase the time of Figure 5 . Multiple short-axis slices during dipyridamole Tc-99m sestamibi single-photon emission computed tomography (SPECT) imaging in a patient with coronary artery disease after administration of placebo, low-dose metoprolol, and high-dose metoprolol, as well as Tc-99m sestamibi SPECT imaging at rest. Multiple perfusion abnormalities are present with placebo with marked reduction in size and severity with both doses of metoprolol. diastole, which increases time for myocardial tissue perfusion, potentially augmenting perfusion in ischemic zones (25) .
As described by Sharir et al. (15) , calcium antagonists and nitrates also exert a negative impact on accurate identification of the presence and severity of CAD with MPI (15) . In this case, it may be a direct vasodilatory mechanism responsible for attenuation of the myocardial steal phenomenon. Study limitations. The number of patients evaluated was limited. Although a trend towards a lower overall sensitivity was noted, this did not reach statistical significance. However, a significant reduction in sensitivity on a per vessel basis was found with each dose of metoprolol. This study used an acute intravenous beta-blocker model rather than chronic oral therapy. While it can be implied that the results would be the same, this cannot be stated conclusively. In the study of Sharir et al. (15) , 31% of patients were receiving chronic beta-blockers with similar results. These data suggest that beta-blockers should be withheld in patients in which the purpose of the study is diagnosis and/or risk stratification of CAD. Such discontinuation of medications should be performed with caution, however, as a rebound effect in symptoms has been reported. If the purpose of the study is to assess the effectiveness of medical therapy, beta-blockers should be continued. This study examined the effects of beta-blockade on DMPI, and not adenosine. While the vasodilator effects are similar, adenosine may have a greater hyperemic effect (36). Sundereswaran et al. (37) evaluated two separate patient groups, one taking antianginal drugs and the other not taking antianginal drugs at the time of adenosine MPI, and found a lower sensitivity in the former group. To our knowledge, there are no data on the impact of acute beta-blockade on adenosine MPI. Conclusions. In patients with CAD, acute administration of intravenous beta-blocker significantly reduces the extent, severity, and reversibility of defects with DMPI.
